The removal efficiencies of geosmin/2-MIB by conventional treatment (flocculation, sedimentation and sand filtration) combined with advanced treatment (ozonation and granular activated carbon (GAC) filtration) in a pilot-scale experiment were investigated in a comprehensive manner. The objective of this study is to provide useful information for practical applications to solve the taste and odor problem during algal blooms in Lake Taihu. Results showed that the conventional treatment removed 38-59% and 36-64% of 2-MIB and geosmin, respectively, with ozone dosage from 0 to 1.0 mg/L. In particular, the increase in ozone concentration promoted the removal of 2-MIB/geosmin by sand filtration, meanwhile lowering the odorant removal efficiency by GAC filtration, with the key reason being the higher biomass produced in the sand filter through the strengthening effect of the ozonation. The organics with higher molecular weight (MW) showed the most significant decline in the pre-ozonation process with 1.0 mg/L ozone dosage, resulting in an enhanced removal efficiency of 2-MIB/geosmin by pre-ozonation. With ozone dosage of 1.0 mg/L, geosmin and 2-MIB in the treated water were 0.1 and 3.85 ng/L, respectively, which were below their odor threshold concentrations (OTCs) with the preliminary concentration of ∼200 ng/L of 2-MIB/geosmin.
INTRODUCTION
Taste and odor issues have become significant challenges to the sustainability and safety of drinking water. Every spring and summer, Lake Taihu is threatened by the taste and odor compounds produced by cyanobacteria in surface water with 2-methylisoborneol (2-MIB) and trans-1,10-dimethys-trans-9-decalol (geosmin) as two typically identified taste and odor compounds (Su et al. ) .
Conventional treatment could not completely remove 2-MIB and geosmin in the surface water. Therefore, a subsequent advanced treatment process was required for better removal of these taste and odor compounds. Currently, ozone/granular activated carbon (O 3 /GAC) is widely used in water utilities as an advanced technology for taste and odor removal for drinking water treatment.
Ozone is a strong oxidant capable of oxidizing various organic compounds, however it cannot effectively destroy 2-MIB and geosmin below their odor threshold levels if used alone (Collivignarelli & Sorlini ) . The resistance of 2-MIB/geosmin by ozone oxidation may be due to the fact that they have the structures of saturated cycled tertiary alcohols (Antonopoulou et al. ) . Ozone dosage is an important factor in maximizing the removal efficiency of odorants during ozonation. He et al. () investigated the odor removal performance by O 3 pre-oxidation and obtained total odor removal rates ranging from 77.8% to 86.7% with ozone dosage from 1 to 4 mg/L.
GAC has been considered a useful method for the removal of taste and odor compounds in surface water. Zamyadi et al. () figured out that 80% of geosmin and 60% of 2-MIB were removed with the use of aged GAC filters in a two-year full-scale plant operation; better geosmin removal by GAC filter as compared with 2-MIB was also observed. In the GAC filter, biodegradation and adsorption play equally significant roles for the removal of organic compounds; biodegradation exhibited dominance in the GAC filter in long-term operation where stable biomass had been produced on the surface of the adsorptive media (De Waters & DiGiano ; Takeuchi et al. ).
Owing to the fact that ozone is able to encourage biological activities on the GAC absorptive surface, an 
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Materials
The mixed stock solutions of 2-MIB and geosmin (100 μg/mL dissolved in methanol, Supelco, PA) were diluted to the desirable concentration with Milli-Q water as per requirement. Raw water was prepared by dosing 2-MIB and geosmin mixed solution at a specific concentration as taste and odor compounds. The coagulant, poly aluminium chloride (supplied by the water plant) was also prepared.
Analytical methods of geosmin and 2-MIB
Geosmin and 2-MIB were analysed using solid-phase microextraction gas chromatography/mass spectrometry (SPME-GC/MS). Based on the methodology from Watson et al.
(), the SPME analysis was performed using a 30 mL sample after a 0.45 μm filter and 9.0 g NaCl in a 40 mL septum capped vial. An internal standard of 3-isobutyl-2-methoxypyrazine (IBMP of 30 ng/L, Supelco, PA), together with a small PTFE-coated stirring bar, was added in the vial. was fed with pure and dry oxygen, followed by injection into the main ozone contact reactor with a volume of 1,500 L for a contact duration of 7 min. An ozone analyser (BMT-964, Germany) was used for the measurement of the ozone concentration in both the pre-ozone and post-ozone reactors at the fixed time over the reaction period. In the current study, the ozone concentration for pre-ozonation and post-ozonation was maintained the same.
Raw water characteristics
The pilot plant was located at Suzhou New District WTP with the influent taken from Lake Taihu. Water quality characteristics during the test period are shown in Table 1 . The O 3 /GAC advanced treatment was examined to be an effective method for the removal of 2-MIB and geosmin in drinking water treatment.
